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METHANE EMISSION FROM A LAYING HEN HOUSE IN SPAIN 
Alberdi Oier1, Estells Fernando2, Arriaga Haritz1, Calvet Salvador2, Merino Pilar1 
(1) NEIKER-Tecnalia, Environment Quality Department, 48160, Derio (Bizkaia), SP  
(2) Universitat Politcnica de Valencia, Institute of Animal Science and Technology, 46022, Valencia, SP 
pmerino@neiker.net 
1. Introduction 
Methane (CH4) is derived in solid manure-based housing systems from the degradation 
of organic matter. Indoor CH4 levels are greatly influenced by management factors, 
such as housing type, manure handling and ventilation rates. 
Previous scientific literature exists considering different systems in egg production 
facilities (e.g., littered floor vs. cage housing) or different management schemes (e.g., 
manure removal frequency or drying method in manure belt housing systems) Fabbri et 
al (2007). At present, to our knowledge, there is scarce information of methane 
emissions from laying hen facilities, particularly those adapted to welfare directive 
1999/74/CE. Results are the first obtained in Spain for this type of production, 
considering manure management and different ventilation pattern in response to 
outdoor conditions.  
2. Material and Methods 
The study was carried out in a commercial laying hen building with approximately 
54000 Lohmann-Brown hens housed in a vertical tiered cage system adapted to 
Directive 1999/74/CE. Other four laying hen units of similar size were close to this 
facility, housing in total 250,000 laying hens. The building was 17m wide and 66m long 
and enriched cages were arranged in 6 rows of 9 tier cages each. The hens were fed 
ad libitum with a commercial diet containing 17.7% crude protein. Inlet and outlet air 
temperature and relative humidity were monitored and recorded every 15 min using 
data loggers (HOBO, U12-013).  
Ventilation rate was measured under the usual rearing conditions of the farm following 
Calvet et al (2010) methodology. The average percentage of operation of each fan was 
obtained every 5 minutes. An electronic data logger system converted every second 
the electric signal from each fan into digital data on fan status. Each fan was 
individually calibrated for airflow rate at different levels of pressure drop associated to 
each ventilation programme (2-31 Pa). The air was ducted 30 cm from each fan and 
the air velocity was measured at 25 different locations in the section [ASHRAE, 2001] 
using a hot wire anemometer (Testo 425). A ventilation performance curve was 
obtained according to the average values obtained from all fans. Pressure drop in the 
building was controlled and recorded every 5 min by a pressure drop meter.  
Methane concentrations were measured continuously by a Photoacoustic infrared gas 
analyser (INNOVA 1412) from April to December 2012. Air samples were taken from 
the air stream from 8 exhaust fans and from 4 outdoor points. Methane emission was 
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determined by multiplying the housing ventilation rate by the difference in concentration 
between the point of emission and the incoming air. 
Manure removal from belts occurred from 3 to 4 times per week. All these operations 
were recorded by the companyÕs staff.  
3. Results 
Results are reported for two periods of the year differing in temperatures and thus, 
ventilation patterns. The warm period lasted from August to October, with an average 
outdoor temperature of 18.5¼C. The cold period took from November to December, with 
an average temperature of 11.8¼C (Table 1). Ventilation rate was found proportional to 
outdoor temperature (correlation coefficient = 0.8 P<0.001), being twice higher in the 
warmer season with respect to the cold one, with 36.7 and 15.7 % of time in which fans 
were operating, respectively. However, CH4 emission did not differ significantly 
(P>0,05). 
Table 1. Mean and standard deviation of environmental records and CH4 measurements of the 
two periods. 
 August-October November-December 
Means ± sd Means ±sd 
Ambiental records N= 8829 N= 5850 
Indoor temperature, ¼C 24.1 ± 1.3 22.5±0.6 
Outdoor temperature, ¼C 18.5 ± 4.4 11.8±2.9 
Indoor RH, % 66.7 ± 7.5 60.9±6.2 
Outdoor RH, % 71.0 ± 11.0 77.6±9.2 
Gaseous measurements N= 1705 N= 1397 
%CH4 concentration 0.8±0.4 1.6±0.4 
CH4 emission, kg/ h 3.6±1.7 4.0±1.9 
N: number of measurements considered 
 
According to our results, we could not identify any effect of manure extraction 
frequency or belt cleaning practices on CH4 emission, in any of the two studied periods. 
No effect of manure management was observed on CH4 emissions during both periods 




Fig. 1: Pattern of daily CH4 emissions (kg/day) on each period. 
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4. Conclusion and perspectives 
Average CH4 emission from the laying hen facility was similar in a warm and a cold 
period in spite of the different ventilation regimes observed, probably due to the natural 
negative correlation between ventilation rates and gas concentrations in livestock 
houses. 
CH4 emissions were not affected by manure removal practices. 
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Introducción
La emisión de Metano (CH4) 
deriva de la degradación de la 
materia orgánica. 
Factores que influyen:
El tipo de alojamiento
El manejo del estiércol
El nivel de ventilación
Introducción
Escasa información.
 Sobretodo en granjas adaptadas
a la directiva 1999/14/CE. 
Emisión de CH4 en 
explotaciones de ponedoras
Estudio de Larrabe





Estudio detallado de una granja
tipo.
Estudio de Larrabe





Estudio detallado de una granja
tipo.
¿DONDE?




 Una de las más grandes de 
Euskadi.
Nave objeto de estudio:
 53.000 gallinas de puesta.
 Jaulas adaptadas a la nueva
directiva de bienestar.
 Rec gida de hec s en cintas.
 Temperatura interna
controlada por un automata.
5. Análisis químico de las excretas 6. Análisis químico del pienso
1. Control de la concentración de gases
3. Registro de temperatura y humedad 4. Registro de presión diferencial  
2. Registro de la ventilación 
Variables controladas
1. Concentración de gases
Equipo de medida
Analizador fotoacústico de gases 




4 puntos de entrada.
8 puntos de salida.
Frecuencia: 20 minutos. 
1. Concentración de gases
Equipo de medida
Analizador fotoacústico de gases 




4 puntos de entrada.
8 puntos de salida.
Frecuencia: 20 minutos. 
4 inlet
8 outlet
2. Registro de la 
ventilación
Equipo de ventilación
 18 ventiladores: 
 Divididos en 4 grupos
 Se convinan en 9 niveles de 
ventilación. 





Registro de la ventilación.
Datalogger
2. Registro de la 
ventilación
Equipo de ventilación
 18 ventiladores: 
 Divididos en 4 grupos
 Se convinan en 9 niveles de 
ventilación. 





Registro de la ventilación.
Datalogger
Evaluación de los ventiladores
 Anemómetro Testo425 
25 puntos en cada ventilador
Diferentes depresiones. 
2. Registro de la 
ventilación
Equipo de ventilación
 18 ventiladores: 
 Divididos en 4 grupos
 Se convinan en 9 niveles de 
ventilación. 





Registro de la ventilación.
Datalogger
Evaluación de los ventiladores
 Anemómetro Testo425 
25 puntos en cada ventilador
Diferentes depresiones. 
Registro:
 2 en las entradas.
 2 en las salidas.





3. Temperatura y humedad 4. Presión diferencial  
Registro:
1 manómetro de presión diferencial.
Frecuencia:





El nivel de ventilación
La frecuencia de 





Media ± ds Media ± ds
Parametros ambientales
Temperatura Interior, ºC 24.1 ± 1.3 22.5 ± 0.6
Temperatura Exterior, ºC 18.5 ± 4.4 11.8 ± 2.9
HR Interior, % 66.7 ± 7.5 60.9 ± 6.2
HR Exterior, % 71.0 ± 11.0 77.6 ± 9.2
Nivel de ventilación, % 36.7 15.7
 de concentración de CH
4
, mg/m3 0.8 ± 0.4 1.6 ± 0.4
Emisión de CH
4







La emisión de metano:
No varía en función de la 
ventilación.
 No se ve afectada por la 
acumulación de la 
gallinaza. 
Perspectivas :
 Análisis en condiciones
menos semejantes. 
 Analizar parametros como
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Every 4 days Every 3 days Every 2 days Every 1 days
Every 4 days -              26,0           44,6           55,9           
Every 3 days -              25,2           40,4           
Every 2 days -              20,3           

























#$(  D! ) ;B! I













   !!B
"A'<!/:7/












#<() *!):9OE=!;:CC!"P D!+J! %-$-C  




























































6 5  7&



































*( :*( &*( *
*( - &5 5 995;
:*( - &95&  5





















/(* 9 .( , 3 / A.. A
(*("5
B. (/  ,   . 3
/. A. . /  
7*./((*>/&55
B  ( (* .  . & @ , =:










=: (( ( ./. **  3
/ ,?5 .( (/ /
,? * 3  ( .? 
*=: (((/..((5
B 9&   .(.(* /.
C"
># .$5
B - A( ( * , 
.(DE&
3E&5
B - A( (* 3  .(
,*/("F+-&5
B+  (* ( *





B>A (*( 3  *,, 
*((.(.($.5




































































This work has been funded by BATFARM Interreg-Atlantic Area Project (2009-1/071):
































  	  
 	!
-!  .	 	/ " !$
(01123 +,
		   %
	 	4   ,






		 	 // -! ! .,
 
		 	 " 
	" ,










2-6	47   !  	! . /  
		
	  !	"  /		!  .   /









		 (, '"   !
%+  	   	//
	 - .	  (<=,+,
		   ..	   

. (>? , <@,+ -	" 
   / 
	" 	 5.
- 	 .  8
- 	 
  
A  !% %,
		   
		 (&	" +  // -!   /   ! / - .	  (<@,+,
 B 











 !" #$# !% && ! &' !% () *!
(+10D>%	4	
E	!8.
8	()	$'	+5<
(+F	4	<	G	 	0	/3	
5	 "!	5<
H. 	"7- 	I	',
+&,
+,
+	,
+,
+,
-.


-/-

*
